INTRODUCTION

Ψ
Many authors attempted to explore the various feto-maternal interactions and associated changes in the amniotic fluid and maternal serum in women who were in preterm, term and near labor. Cetrulo et al 1 have correlated amniotic fluid turbidity assayed by OD at 650 nm and the respiratory surfactants in amniotic fluid. There is a surge in sebaceous gland activity, size and number, producing sebum, which is primary constituent of vernix caseosa, before the onset of term labor. The lung skin interactions by the surfactant causes the induction of vernix detachment from the fetal skin surface which is the primary factor leading to increase in amniotic fluid turbidity as the lung matures 2 . The rapidly raising surfactant levels in amniotic fluid may be responsible for the surge in the AFOD near the onset of spontaneous labor. Levels of pro labor cytokines like IL-6, IL-8, IL-1 beta and EGF in amniotic fluid and maternal serum that are elevated during progress of labor, are produced by the human amniotic fluid cells [3] [4] [5] [6] . Cytokines like IL-1 which is highly expressed by corneocytes, is present in the normal human sebaceous gland and serves as a signal for onset of parturition 7- 9 . IL-1 beta increases the production of matrix matallo protease (MMP)-1, 3 and 9. IL-1, 2, 3 and 6 can stimulate the prostaglandin biosynthesis by intrauterine tissues. Cytokines also induce hyaluronic acid production by cervical fibroblasts, which may promote cervical ripening. Spontaneous rupture of membranes at term or preterm and microbial invasion, show increased expression of MMP 8 and 9. Preterm labor could be non infectious and an uncomplicated aseptic inflammatory process
10-13
. Placental maturity (placental clock) and corticotropin releasing hormone do play a role in cytokine and prostaglandin pathways 14 . The AFOD changes reflect the processes that precede the more rapid and dramatic events of parturition. The mature levels of pulmonary surfactant are usually present after 35 weeks of gestation 15 . The levels of surfactant protein A, IL-1 beta are increased in amniotic fluid during labor 16 . Also there is an increase in the lamellar body count towards the end of gestation
17
. Amniotic fluid particles are the major contribution to optical density. Previous studies of fetal lung maturity vary from ability to read news prints across test tubes containing amniotic fluid to quantitative LS ratio estimation
18
. The source of the particles may differ trimester by trimester
19
. Free floating particles (FFPs) have been correlated to congenital malformations likely to bleed and anencephaly in second trimester
20-21
. Sonological studies have shown that amniotic fluid particles in third trimester are nothing but vernix (100% sensitivity) and less likely due to meconium, and the possibility of meconium stained liquor cannot be ruled out fully [22] [23] . FFPs exhibiting snow storm and blizzard appearance in amniotic fluid can be used to evaluate fetal lung maturity by realtime ultrasound
24
. Earlier Parulekar et al 25 had studied the amniotic fluid particles considering the size of largest echogenic amniotic fluid particle at different gestational age. The purpose of this study is to demonstrate the changes in AFOD through gestation and as a marker for onset of labor in terms of AF particles. The correlation of AFPS and AFOD pertaining to onset of labor and fetal maturity is attempted with specified criteria in this study. Size of the particles remains a measurable parameter and serves as an index of optical density and hence the physiological processes that contribute to the onset of labor.
METHODOLOGY
Study sample
The study was conducted in 123 pregnant women of age group ranging from 19 years to 37 years with a singleton gestation. Serial measurements were taken on routine antenatal visits. Appearance of echogenic AFPs vary from on and off minute dots, scantily scattered or sparsely distributed particles to uniform flakes, swarm of bees' appearance and densely packed clusters of particles of varying sizes. It includes scale like picture, mosaic pattern, exhibiting Brownian or swirling movement near the limb buds, snowstorm and blizzard appearance in one to all the AF pockets in 4 quadrants with advancing gestational age. Free echogenic AFPs in late third trimester exhibiting independent motion that tend to settle down and having well defined margins are considered for estimation of the size along its longest distinct linear dimensions. After screening all the quadrants for amniotic fluid particles, the size of particles are measured in millimetre (mm) from the multiple frozen magnified USG frames initially in two of the quadrants preferably with maximum number and distribution of particles. The measurements are arranged in descending order. The average size of first and second largest particle is taken as the echogenic AFPS for that quadrant. If the difference between size of first and second particle is more than 0.5 mm, the average of three largest particles should be considered in estimation of echogenic AFPS of that quadrant. If at all the difference between the first and second largest particle is more than 1.5 mm the first largest particle is excluded. Likewise, the measurements are taken for other quadrants. If the echogenic AFPS of either of the two quadrants is less than 4.8 mm, the measurements should be taken in 3 quadrants. A final average out of the 3 or 2 quadrants is taken as echogenic AFPS. AFPs appearing very small (< 1.5mm) or not seen in well defined AF pocket are taken as zero mm. If snowstorm or blizzard appearance for the entire depth of AF pocket is noted in any of the quadrants, a value of 1 mm is added to the estimated AFPS. To simplify and summarise, at least 2-3 large particles in similar range are measured in each of 2-3 quadrants at optimal AFI. A final average of size of particles sampled in clusters is taken as AFPS. Figure 1 shows well defined echogenic AFPs with varying size, number and distribution (sparse, dense,and very dense/snowstorm) in USG images which are arranged to corresponding range of AFOD values obtained during our study. Bottom of the figure demonstrates the naked eye appearance of Amniotic fluid arranged with increasing AFOD.
Statistics
Statistical analysis was done using SPSS 15.0. The graphs were drawn using Microsoft excel and Adobe Photoshop 6. P value of < 0.05 is considered significant.
RESULTS
The Mean AFOD and echogenic AFPS in all pregnancies at onset of labor was found to be 0.99 and 4.9 mm respectively. The Details of AFOD, AFPS and RDS at different gestational age groups are summarised in Table 1 . The values of AFOD at 650nm of uncentrifuged fresh amniotic fluid samples were obtained and plotted against the echogenic AFPS at onset of labor (Figure 2) . Figure 3 shows exponential trend of serial AFPS measurements (minimum 3 values were taken for plotting) in 101 women as represented by each of the lines. The final values on the series were taken at first stage of labor to demonstrate definite surge. A progressive increase in size, number and distribution (sparse to dense) was noted and measured in all cases in terms of AFPS score. Figure 4 shows serial measurements of echogenic amniotic fluid particle size (AFPS) in millimetres (mm) when plotted against gestational age (days) in 17 women among 123. The figure represents the finer short term variations of surge in detail point to point of values. It is a maginification and fine adjustment of figure 3. There is a slow and prolonged rise in AFPS in third trimester as gestational age advances followed by an exponential rise with varying slopes culminating in the onset of labor. The end point denotes onset of labor. The rapid rise in AFPS denotes a corresponding AFOD surge. One of the women had a zigzag pattern. 
DISCUSSION
We hypothesise that AFOD is definite marker for labor as well as fetal lung maturity. The findings of our study shows that the corresponding range of AFOD can be measured indirectly using AFPS avoiding amniocentesis. The AFPs begin to appear at 35 to 36 weeks of gestation. Initially, they are few in number, smaller in size (2mm), freely mobile and appear in one or two quadrants. The number, size and distribution of the particles increase gradually and extend to other quadrants. The changes are more dramatic in 1-2 weeks prior to onset of labor. This rapid increase in the size of the particles, and its number and density tend to appear more towards the end of gestation. The mean AFOD and AFPS at onset of labor was found to be 1.03 ± 0.31 (0.35 -1.69 CI 95%) and 5.14 ± 0.69 mm (3.67 -6.7 CI 95%) respectively in 116 women who delivered normal babies. Seven out of 123 women had delivered babies with varying degrees of RDS having mean AFOD and AFPS as 0.19 ± 0.07 and 2.4 ± 1.09 mm respectively. RDS was severe at gestational age below 37 weeks. A definite surge in AFPS could not be demonstrated in them. The mean AFPS was found to be nearly half of that of women who delivered normal babies. The snowstorm appearance, blizzard patterns and dense clusters of AFPs are seen usually at a higher AFOD values (> 0.80) and more appreciated with fetal movements on ultrasonography. In our study, the snow storm appearance in at least one vertical pool for the entire depth was noted in 22.7% women under who did not develope RDS. The mean AFOD was 1.12 ± 0.21 (4.4 -6.7 95% CI) and AFPS were 5.6 ± 0.68 mm (0.80 -1.40 95%CI) respectively. Based on the results of our study we observed that an AFOD value of < 0.40 and AFPS < 4 mm at labor increases the risk for RDS of varying degrees. 17 women (Figure 4 ) who delivered babies without RDS had slow and prolonged rise of AFPS till about 3.8 mm corresponding to AFOD in the region of 0.40 (figure 2), followed by surge in AFPS culminating in labor. The graph exhibiting giraffe pattern (figure 4) is similar to serum hyaluronic acid levels during pregnancy and labor associated with cervical ripening culminating in parturition as shown by Kobhayashi et al
26
.
There is a large variability in the duration (1 to 2 weeks, occasionally few days) 27 and slope of the surge during which the AFPS is ranged from 3.5 to 4.5 mm prior to onset of labor ( figure 4 and 2) . Within this range, 18 women (AFOD ranged from 0.19 to 1.25) delivered having AFOD ranged from 0.19 to 1.25. Amongst these, 4 women had AFOD < 0.40. One out of 18 women delivered a baby who developed RDS. Hence, the precaution with intervention should be taken in these cases. None of the babies had RDS with AFPS > 4.5 mm in our study despite of having 2 women (Out of 101) of AFOD < 0.40 (0.33 and 0.38).
An AFPS of 5.1 mm which is the mean AFPS of 116 women at onset of labor who delivered normal babies, corresponds to AFOD in the region of 1.00 ( figure 2) . Therefore, we infer that the AFOD surge begins at AFOD around 0.40 and terminate in labor at an optimum AFOD around 1.0. Our results confirm the hypothesis that lung maturity progresses with the AFOD surge culminating in onset of normal labor. Thus, preparations for labor start at about 8 to 12 days prior to the onset of spontaneous labor as indicated by AFOD surge and its duration. The Serial USG evaluation of AFPS shall predict fetal lung maturity and labor. The variations and exceptions to AFOD surge has to be explored with a multifactorial background (age, BMI and mutations of oxytocin receptors) along with other coexisting obstetric and sonological parameters. There could also be several alternate pathways in normal labor 28 It is apparent that an increase in AFOD levels occurs in parallel to sequence of events culminating in parturition. Further studies are needed to correlate the levels of serum and AF markers with AFOD to explain the physiology of onset and progression of labor. We postulate that AFOD which can be measured and expressed in terms of AFPS values, is a definite sonological marker for lung maturity and labor and also helpful in predicting the onset of labor after serial AFPS measurements (definite surge as noted by at least two serial values after 36 weeks with doubling AFPS values over 1-2 weeks exceeding 4.5 mm near mean gestational age) that enables prior admission and institutional monitoring of all stages of labor. It also guides to deal with women in third trimester who did not have a reliable menstrual history or dating scan and as a step prior to confirming fetal maturity by amniocentesis when conditions arise.
Limitation of study
Inter and intra operator and USG variations under various resolutions needs metaanalysis. The AFPS may not be the exact measurements of actual amniotic fluid particle dimensions. There is a definite possibility of missing meconium stained liquor which is significant in view of neonatal outcome. The echogenicity of the fluid content apart from the AF particles may alter the contrast. The appearance, homogeneity of distribution, AFPS and number of AFPs vary with progress of labor/enhanced uterine contractions though not in all women. This requires serial measurements of AFPS and its documentation. The Degeneracy of AFPS in determining AFOD makes the association only an approximation and not an equivalent to gold standard (AFOD). Last but not the least, the ability of the fetus to produce vernix itself may exhibit polymorphism.
CONCLUSION
Fetal lung maturity is followed by AFOD surge culminating in the onset of labor. AFOD which can be measured serially in terms of AFPS serves as a marker for labor and also predicts RDS. This basic knowledge about AFOD and simple cost effective noninvasive methodology can be used for programming and optimising labor, and improve perinatal outcome. This study can be a basis of many other studies that can help in understanding the process of initiation of labor and its dysfunction better and open up new avenues for labor induction and monitoring in the times to follow. It is possible now to initiate safe labor that simulates a spontaneous labor and plan an elective LSCS with predictable perinatal outcome as guided by AFPS as an obstetric parameter.
